The steam coal price in China has been continuously decreasing since the second half of 2012. Constant low price of coal will accelerate the development of thermal power, cause more serious air pollution problems, and bring adverse influence to China's energy reformation in the future. Therefore, analyzing the factors underlying the phenomenon of the decreasing steam coal price is significant. In this study, we first qualitatively analyze five main factors, namely, economy, supply, demand, substitutes, and port stocks. On the basis of the relationships among these five factors, we obtain the causality diagram and the system flow diagram of coal price for further quantitative research. Then, we conduct an empirical analysis using the system dynamics (SD) method and determine the simulated price from 2012 to 2017. Finally, we discuss the running results and come to the conclusion that the steam coal price will continue to decrease under the combined actions of the five main factors and it will not rebound in the near future.
Introduction
The acceleration of industrialization and urbanization of China has resulted in increasingly evident air pollution problems, particularly in Beijing, Tianjin, and Hebei Provinces. Atmospheric pollutants, such as PM 10 and PM 2.5, have seriously affected the urban environment and quality of life of local residents. Thus, controlling air pollution is imperative.
Electricity and coal are important in China's energy industry. Coal is the main energy source in China and accounted for 66% of total energy consumption in 2014 [1] . Moreover, 70% of coal is used for power generation in recent years. Dust, SO 2 , and NO x emissions caused by steam coal combustion accounted for 23.27%, 44.88% and 64.40% of the total national emissions in 2012, respectively, and CO 2 emission accounted for 43.77% [2] . Consequently, atmospheric pollution, and energy conservation problems caused by combustion of steam coal are the key to air pollution control and energy conservation work in China.
At present, China's economy has entered a new normalcy and the times of relying on high investment, high pollution, and high return have gone [3] . The new economy normalcy in China is an impetus that turns quantity expansion into quality promotion, turns production factors into technological innovation, and turns the purely high-speed rate into the high/middle-speed rate. All these changes are associated with energy consumption. In this case, energy demand intensity decreases, coal demand growth slackens, overcapacity becomes serious, and development mode relies on expansion stopping.
Based on the subsistent atmospheric pollution problems and the structural adjustments of the economy in China, mining technology, price trends, demand patterns, and total consumption of coal have all been affected. The steam coal price in China continued to decrease dramatically since the second half of 2012. The price spread of key contract coal and market coal is narrowing, even to the point that the key contract coal price is higher than market coal price. The government officially canceled the dual pricing system of coal in January 2013 as a reaction to this unprecedented relationship of the supply and demand of steam coal. Therefore, coal and power generation enterprises have linked up autonomously to negotiate prices. In this way, the market plays an important part in the resource allocation of steam coal.
In the second half of 2012, the steam coal price of 5500 kcal in Bohai Rim decreased from 774 yuan/ton (May) to 635 yuan/ton (December), and the decrease amplitude reached 18%. Then, the steam coal price continued to decrease. Although virtual heights occurred at the end of 2013 and 2014, the steam coal price kept decreasing in the next year. At present, we cannot see signs of a price rebound in China according to existing price data until May 2016 [4] . The golden decade (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) of the coal industry in China has been completely broken by the long-lasting plummet of steam coal prices. In this case, the profits of many coal enterprises and the costs of coal-fired power were significantly reduced and several thermal power plants experienced a turn from loss to profit. have all been affected. The steam coal price in China continued to decrease dramatically since the second half of 2012. The price spread of key contract coal and market coal is narrowing, even to the point that the key contract coal price is higher than market coal price. The government officially canceled the dual pricing system of coal in January 2013 as a reaction to this unprecedented relationship of the supply and demand of steam coal. Therefore, coal and power generation enterprises have linked up autonomously to negotiate prices. In this way, the market plays an important part in the resource allocation of steam coal.
In the second half of 2012, the steam coal price of 5500 kcal in Bohai Rim decreased from 774 yuan/ton (May) to 635 yuan/ton (December), and the decrease amplitude reached 18%. Then, the steam coal price continued to decrease. Although virtual heights occurred at the end of 2013 and 2014, the steam coal price kept decreasing in the next year. At present, we cannot see signs of a price rebound in China according to existing price data until May 2016 [4] . The golden decade (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) of the coal industry in China has been completely broken by the long-lasting plummet of steam coal prices. In this case, the profits of many coal enterprises and the costs of coal-fired power were significantly reduced and several thermal power plants experienced a turn from loss to profit. Figure  1 shows the monthly price data of steam coal in Bohai Rim from January 2012 to March 2016. By using the system dynamics (SD) method, this study examines the reasons for the long-lasting plummet of the steam coal price since 2012, and on this basis, forecasts the steam coal price trend in the near future. Section 2 qualitatively analyzes five factors of steam coal prices, namely, economy, demand, supply, substitutes, and inventory in ports. Section 3 proposes the SD model for steam coal price. Section 4 conducts an empirical analysis (including steam coal price prediction) based on related data from 2012 to 2017. Section 5 discusses the innovation points of our research, analyzes the downward trend of the steam coal price, and points out the practical application values of this paper. Section 6 concludes the paper and offers directions for future research.
The supply-demand and price problems of Chinese steam coal are more important under the background of the new normalcy of economy and air pollution prevention and control work. Compared with small cycle fluctuations in the period of the golden decade of the coal industry, this long-lasting plummet of steam coal price is obviously different. Thus, investigating the influencing factors behind this phenomenon is worthwhile and significant. This study has a promoting effect on convergence and coordination among production, transportation, and use of steam coal. It is conductive for coal enterprises to control capacity reasonably, conductive for electric power enterprises to adjust demand effectively, and conductive to promote the optimal allocation of domestic market resources of steam coal.
In recent years, some academics have conducted research on energy price volatility. Hasan et al. [5] used Generalized AutoRegressive Conditional Heteroskedasticity (GARCH) models to estimate and compare the asymmetry and persistence of volatility of crude oil, natural gas, and coal. Wang and Wu [6] forecasted energy market volatility by using multivariate and univariate GARCH-class models. Goor and Scholtens [7] applied GARCH models in the UK gas market. Kanamura [8] proposed a new volatility model model for energy prices using the supply-demand relationship. Zhang and Mu [9] built an econometric model to analyze the factors of Chinese port steam coal price. By using the system dynamics (SD) method, this study examines the reasons for the long-lasting plummet of the steam coal price since 2012, and on this basis, forecasts the steam coal price trend in the near future. Section 2 qualitatively analyzes five factors of steam coal prices, namely, economy, demand, supply, substitutes, and inventory in ports. Section 3 proposes the SD model for steam coal price. Section 4 conducts an empirical analysis (including steam coal price prediction) based on related data from 2012 to 2017. Section 5 discusses the innovation points of our research, analyzes the downward trend of the steam coal price, and points out the practical application values of this paper. Section 6 concludes the paper and offers directions for future research.
In recent years, some academics have conducted research on energy price volatility. Hasan et al. [5] used Generalized AutoRegressive Conditional Heteroskedasticity (GARCH) models to estimate and compare the asymmetry and persistence of volatility of crude oil, natural gas, and coal. Wang and Wu [6] forecasted energy market volatility by using multivariate and univariate GARCH-class models. Goor and Scholtens [7] applied GARCH models in the UK gas market. Kanamura [8] proposed a new volatility model model for energy prices using the supply-demand relationship. Zhang and Mu [9] built an econometric model to analyze the factors of Chinese port steam coal price. Wang et al. [10] used price discovery theory and time series analysis methods to examine the Chinese coal market. Zhang and Luo [11] and Zhou and Luo [12] investigated the interrelationship between international and Chinese energy price volatilities by using vector autoregression (VAR) models. He and Li [13] , Weng [14] and Joëts and Mignon [15] tested the long-term related relationships of major energy prices through cointegration tests. García-Martos et al. [16] built a multivariate model for fossil fuel prices, CO 2 prices, and electricity prices and compared its results with those of the univariate model. Zaklan et al. [17] conducted a comprehensive multivariate cointegration analysis of export, transport, and import prices.
Moreover, several scholars have analyzed the energy policy aimed at the Chinese coal market and air pollution problems. Wang et al. [18] pointed out that future energy policy should be transformed from "energy saving amount" into "total amount control". Ouyang and Lin [19, 20] discussed the renewable energy subsidies and fossil fuel subsidies in China. In addition, scholars are devoted to studying the relationship of energy demand and price. Yuan et al. [21] analyzed the relationships between Chinese energy consumption and energy price using econometric methods. Lee and Chong [22] used causal relationships to determine the effects of energy sources and prices on carbon emissions. Zhao et al. [23] investigated the long-term stable cointegration relationships between energy consumption and several relevant factors.
SD method is mostly used in chemistry, physics, and ecology, and some scholars also utilize this model in the field of energy. Xu and Li [24] developed a system dynamics with fuzzy multiple objective programming (SD-FMOP) model to examine the complex interactions in the coal industry system of China. Yu and Wei [25] proposed a hybrid model based on genetic algorithm and SD for coal production-environmental pollution load in China. Sverdrup et al. [26] built a copper SD model and analyzed world supply and turnover of copper. Ansari and Seifi [27] used the SD method to analyze steel demand, production, and energy consumption in an integrated framework. Chi et al. [28] investigated the indigenous natural gas industry in the UK by using the SD approach. Špicar [29] used the SD method in capacity planning, which involves the relationship between supply, demand, and price.
We observe that many scholars choose methods of statistics and econometrics to assess energy price volatility. However, this study mainly examines changes in the steam coal price, which is different from conventional volatilities in the energy market. To the best of our knowledge, several SD models have emerged in the field of energy research, but few scholars have directly used the SD method to examine the factors of steam coal price.
Factor Analysis

Gross Domestic Product Growth Slowed Down
In recent years, China's economic growth has slowed down. The year-on-year growth rate of gross domestic product (GDP) in 2012 was 7.7%, which was initially less than 8% since this century. This decline marked the entry of the economy of China into a new normalcy. As the economy slowed down, many industries, such as coal, electricity, and steel, were affected. Consequently, this situation resulted in the decline of coal demand directly or indirectly.
The total generating capacity of 2012 was 4986.5 billion kWh, increasing by 5.41% year-on-year, and the growth rate obviously decreased when compared with the 9.95% of the previous year. In this case, thermal power was seriously affected. Thermal power generating capacity in 2012 was 3926 billion kWh, only increasing by 0.65%, and the growth rate significantly decreased. Installed capacity was 820 million kW, increasing by 6.68%, but the growth speed decreased. Newly installed capacity was 52.36 million kW, decreasing by 16.1% year-on-year. Power investment was 100.2 billion yuan, decreasing by 11.55% year-on-year. Annual utilization hours of the large capacity generating set was reduced by 323 h [30] . Thus, the economic downturn reduced the demand for thermal power from 2012 and affected the demand and price of steam coal. In addition, under the influence of new economy normalcy, the phenomenon of scant demand of coking coal also occurred in the iron and steel industry, which indirectly affected the steam coal price.
Coal Overcapacity
Since this century, China's coal industry has significantly developed with capacity expansion and production increase. Figure 2 shows the raw coal production and productivity growth rate from 2002 to 2015.
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Since this century, China's coal industry has significantly developed with capacity expansion and production increase. Figure 2 shows the raw coal production and productivity growth rate from 2002 to 2015. We can see that China's raw coal production continues to increase from 1.38 billion tons (2002) to 3.52 billion tons (2011) during the golden decade, with the productivity growth rate always being more than 6%. However, in 2012, the growth rate suddenly decreased to 3.69%. Production restriction occurred in large-scale coal mines, whereas several small mines were forced to shut down. The situation of the coal industry's overcapacity was particularly prominent. In the next three years, raw coal production reached 3.7, 3.87, and 3.75 billion tons, respectively, with the growth rate always being less than 5% and initially being negative in 2015. Based on the overheated investment of coal in past 10 years, coal production since 2012 remained high despite the low growth rate. Excessive supply would result in the decline of the steam coal price.
Weak Demand for Thermal Power
In recent years, with the rapid development of new energy power, the proportion of thermal power capacity installed has been crowded out to a certain extent. Table 1 shows the installed capacity and its year-on-year growth rate of different power generation modes [30] , including thermal, hydro, nuclear, wind, and solar, from 2011 to 2014. We can see that although thermal power installed capacity occupied the leading edge, its year-on-year growth rate was always lower than other power generation modes, especially new energy power. In addition, the policy of energy-saving and emission-reduction also had an influence on thermal power industry. During the "12th Five-Year Plan" (2011-2015), the targets for thermal power industry are to decrease steam coal consumption by 8%, sulfur dioxide emissions by 16%, and nitrogen oxide emissions by 29% and to eliminate small thermal power units of 20 million kW. The policy contributed to the efficient development of the power industry. However, at the same time, coal demand reduced, which resulted in the decline of coal price. We can see that China's raw coal production continues to increase from 1.38 billion tons (2002) to 3.52 billion tons (2011) during the golden decade, with the productivity growth rate always being more than 6%. However, in 2012, the growth rate suddenly decreased to 3.69%. Production restriction occurred in large-scale coal mines, whereas several small mines were forced to shut down. The situation of the coal industry's overcapacity was particularly prominent. In the next three years, raw coal production reached 3.7, 3.87, and 3.75 billion tons, respectively, with the growth rate always being less than 5% and initially being negative in 2015. Based on the overheated investment of coal in past 10 years, coal production since 2012 remained high despite the low growth rate. Excessive supply would result in the decline of the steam coal price.
In recent years, with the rapid development of new energy power, the proportion of thermal power capacity installed has been crowded out to a certain extent. Table 1 shows the installed capacity and its year-on-year growth rate of different power generation modes [30] , including thermal, hydro, nuclear, wind, and solar, from 2011 to 2014. We can see that although thermal power installed capacity occupied the leading edge, its year-on-year growth rate was always lower than other power generation modes, especially new energy power. In addition, the policy of energy-saving and emission-reduction also had an influence on thermal power industry. During the "12th Five-Year Plan" (2011-2015), the targets for thermal power industry are to decrease steam coal consumption by 8%, sulfur dioxide emissions by 16%, and nitrogen oxide emissions by 29% and to eliminate small thermal power units of 20 million kW. The policy contributed to the efficient development of the power industry. However, at the same time, coal demand reduced, which resulted in the decline of coal price.
Effect of Substitutes
The import tariff rate of steam coal in China decreased from 6% to 3% on 1 April 2005, to 1% on 1 November 2006, and 0% on 1 June 2007. With the import tariffs being phased out year-by-year and the lower fares of international shipping, the price of imported coal gradually decreased and the quantity gradually increased. In 2009, China became a net importer of coal for the first time. Figure 3 shows the imported coal quantity and the growth rate from 2008 to 2015 [31] .
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The import tariff rate of steam coal in China decreased from 6% to 3% on 1 April 2005, to 1% on 1 November 2006, and 0% on 1 June 2007. With the import tariffs being phased out year-by-year and the lower fares of international shipping, the price of imported coal gradually decreased and the quantity gradually increased. In 2009, China became a net importer of coal for the first time. Figure 3 shows the imported coal quantity and the growth rate from 2008 to 2015 [31] . From Figure 3 , we can see that the quantity of imported coal reached 289 million tons in 2012, increasing by 58.6% year-on-year. The quantity in 2013 continued increasing to 330 million tons. Substantial increase of imported coal accounted for the market share of domestic coal; thus, the steam coal price in China was affected. However, domestic coal price has decreased sharply since 2012. In this case, the zero tariff policy on imported coal has been cancelled since 15 October 2014, which inhibited the market of imported coal to a certain extent, just as the quantity decreased year by year in 2014 and 2015.
In addition, with the promotion of energy conservation and emission reduction, oil and natural gas have been the new direction of energy development in China and will affect the demand and price of steam coal [10] . Besides, the volatility of international oil prices usually has an effect on international and domestic coal prices, and coal prices will follow the tendency of oil price volatility in the near future [11] .
High Stocks of Port Coal
The imbalance between steam coal supply and demand is usually characterized by stocks, including coal enterprise and power plant inventories, and port stocks, which account for the greatest proportion. As the "wind vane" of China's steam coal price, the Qinhuangdao port coal stocks exhibited an upsurge at the beginning of the plummet of steam coal prices. The coal stocks in Qinhuangdao soared from 5.6 million tons to 9.08 million tons during the months of May and June in 2012, and the growth amplitude reached 62%. The high port stock shows a backlog of steam coal because of the imbalance between supply and demand. Port stock is negatively related to steam coal price; the higher the inventory is, the lower the price will be.
Model Description
System Dynamics Methodology
SD is an integrated methodology covering systems theory, management science, and simulation technology. It is mainly used to assess feedback mechanisms in a system using qualitative and quantitative analyses. This method can be used in many fields, such as nature, society, and the economy. From Figure 3 , we can see that the quantity of imported coal reached 289 million tons in 2012, increasing by 58.6% year-on-year. The quantity in 2013 continued increasing to 330 million tons. Substantial increase of imported coal accounted for the market share of domestic coal; thus, the steam coal price in China was affected. However, domestic coal price has decreased sharply since 2012. In this case, the zero tariff policy on imported coal has been cancelled since 15 October 2014, which inhibited the market of imported coal to a certain extent, just as the quantity decreased year by year in 2014 and 2015.
High Stocks of Port Coal
Model Description
System Dynamics Methodology
SD is an integrated methodology covering systems theory, management science, and simulation technology. It is mainly used to assess feedback mechanisms in a system using qualitative and quantitative analyses. This method can be used in many fields, such as nature, society, and the economy.
Our
Compared with other classical econometric approaches, SD is mainly used to research the feedback mechanisms within a system. The long-lasting plummet of steam coal prices is determined by multiple factors, and the interactions among these factors are dynamic and complex. There are complicated feedback mechanisms within the steam coal price system, so it is difficult to find a linear or nonlinear relationship between coal price and other factors by using econometric methods. Moreover, SD method has an advantage in solving dynamic problems because it can better describe the change characteristics of system factors at different time points. So this study uses SD to analyze the main factors causing the long-lasting plummet of the steam coal price since the second half of 2012, simulating the price from 2012 to 2017.
Causality Diagram
The five main factors of coal price interact with each other. For instance, a causal relationship exists between economic downturn and insufficient demand. Substitutes will affect the demand for domestic coal. Overcapacity in the coal industry is not only related to excessive investment but also to weak demand. The market price is codetermined by supply and demand, and the co-actions of oversupply and scant demand directly cause high port stocks, thereby foreboding the decline in coal price. Through the causality diagram, we can clearly see the casual relationship of various factors, as shown in Figure 4 . (Note: approximately 70% of coal is used for power generation, and steam coal price is generally considered coal price in the market; thus, we use "coal price" to represent "steam coal price" in the model.) Compared with other classical econometric approaches, SD is mainly used to research the feedback mechanisms within a system. The long-lasting plummet of steam coal prices is determined by multiple factors, and the interactions among these factors are dynamic and complex. There are complicated feedback mechanisms within the steam coal price system, so it is difficult to find a linear or nonlinear relationship between coal price and other factors by using econometric methods. Moreover, SD method has an advantage in solving dynamic problems because it can better describe the change characteristics of system factors at different time points. So this study uses SD to analyze the main factors causing the long-lasting plummet of the steam coal price since the second half of 2012, simulating the price from 2012 to 2017.
The five main factors of coal price interact with each other. For instance, a causal relationship exists between economic downturn and insufficient demand. Substitutes will affect the demand for domestic coal. Overcapacity in the coal industry is not only related to excessive investment but also to weak demand. The market price is codetermined by supply and demand, and the co-actions of oversupply and scant demand directly cause high port stocks, thereby foreboding the decline in coal price. Through the causality diagram, we can clearly see the casual relationship of various factors, as shown in Figure 4 . (Note: approximately 70% of coal is used for power generation, and steam coal price is generally considered coal price in the market; thus, we use "coal price" to represent "steam coal price" in the model.) In the causal relationship diagram, "+" means accelerating function and "−" means suppressive function between two factors according to the direction of the arrow. We can draw the following points from the causal relationship diagram of coal price: (1) during the golden decade of coal, production capacity continued to increase as investment increased for the coal industry. This growth consequently resulted in excessive capacity and lower prices. Furthermore, reduction of coal demand In the causal relationship diagram, "+" means accelerating function and "−" means suppressive function between two factors according to the direction of the arrow. We can draw the following points from the causal relationship diagram of coal price: (1) during the golden decade of coal, production capacity continued to increase as investment increased for the coal industry. This growth consequently resulted in excessive capacity and lower prices. Furthermore, reduction of coal demand contributed to this process; (2) with the international ocean freight cost being decreased and the import tariffs being phased out yearly, the relatively high price in the domestic coal industry enhanced the demand for imported coal. Thus, domestic coal consumptions were affected and the price declined; (3) policy factor and other generating capacity reduced thermal power demand, which directly affected the demand for steam coal and then decreased the price; (4) consumptions of steam and coking coal were influenced by the slowing growth of GDP; (5) volatility of international oil price usually had an effect on coal price, and as substitutes, oil and natural gas would replace the coal demand owing to policy factors; (6) in the case that coal supply was greater than demand, oversupply would be translated to high port stocks, which exacerbated the depreciation of coal, indicating a decline in coal price. Moreover, we find "the total demand of coal" being in the center position, which will be affected by many factors and will affect other factors, inducing changes of coal price directly or indirectly.
System Flow Diagram
The causality diagram is mainly used for qualitative analysis, whereas the system flow diagram is mainly used for quantitative modeling. According to the causal relationship among various factors, we attempt to draw the system flow diagram of coal price, as shown in Figure 5 . We derive an equation for each endogenous variable in the system flow diagram, and we introduce a constant or table function for each exogenous variable about the time "T". Then, by running the model, we can obtain the simulated data of coal price.
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The causality diagram is mainly used for qualitative analysis, whereas the system flow diagram is mainly used for quantitative modeling. According to the causal relationship among various factors, we attempt to draw the system flow diagram of coal price, as shown in Figure 5 . We derive an equation for each endogenous variable in the system flow diagram, and we introduce a constant or table function for each exogenous variable about the time "T". Then, by running the model, we can obtain the simulated data of coal price. On one hand, we find that the three primary energy sources in China are mainly obtained via domestic output and foreign imports. The supply of coal, oil, and natural gas can be converted into the total supply of standard coal equivalent according to a certain ratio: 1 kg raw coal is equal to 0.7143 kg standard coal, 1 kg raw oil is equal to 1.4286 kg standard coal, and 1 m 3 natural gas is equal to 1.2143 kg standard coal. On the other hand, we can derive the demand of standard coal based on the GDP of China and energy intensity (standard coal consumption per unit of GDP). Then, through the actual supply and the calculated demand, we can determine the supply-demand ratio of standard coal, which is relevant to the price change rate (price variation per unit time). Finally, the simulated coal price, which is an integral of the price change rate, can be obtained.
What should be noted is that several factors in the causality diagram do not appear as variables in the system flow diagram model. Nonetheless, this model can still reflect the influence from the five main factors analyzed previously. We can see that economic downturn directly decides the demand of standard coal, including steam coal, coking coal, and other primary energy sources. Meanwhile, the supply of coal, oil, and natural gas shows the overcapacity of coal and effect of substitutes. Moreover, to a certain extent, the supply-demand ratio could reflect the situation of coal stocks, particularly that of port stocks. On one hand, we find that the three primary energy sources in China are mainly obtained via domestic output and foreign imports. The supply of coal, oil, and natural gas can be converted into the total supply of standard coal equivalent according to a certain ratio: 1 kg raw coal is equal to 0.7143 kg standard coal, 1 kg raw oil is equal to 1.4286 kg standard coal, and 1 m 3 natural gas is equal to 1.2143 kg standard coal. On the other hand, we can derive the demand of standard coal based on the GDP of China and energy intensity (standard coal consumption per unit of GDP). Then, through the actual supply and the calculated demand, we can determine the supply-demand ratio of standard coal, which is relevant to the price change rate (price variation per unit time). Finally, the simulated coal price, which is an integral of the price change rate, can be obtained.
Empirical Analysis
What should be noted is that several factors in the causality diagram do not appear as variables in the system flow diagram model. Nonetheless, this model can still reflect the influence from the five main factors analyzed previously. We can see that economic downturn directly decides the demand of standard coal, including steam coal, coking coal, and other primary energy sources. Meanwhile, the supply of coal, oil, and natural gas shows the overcapacity of coal and effect of substitutes. Moreover, to a certain extent, the supply-demand ratio could reflect the situation of coal stocks, particularly that of port stocks.
Data
We selected 24 quarters from 2012 to 2017 as time units in our SD model. For all exogenous variables, we obtained data from relevant websites, such as Qinhuangdao coal net, National Bureau of Statistics of China site, and several other reliable websites [4, 32, 33] . The data of the first 16 quarters (2012-2015) are based on actuality, whereas those of the last 8 quarters (2016-2017) are predicted values in accordance with the existing data. The eight exogenous variables all used the table functions about time "T".
System Dynamics Equations
We applied SD equations to express quantitative relationships among different endogenous variables. First, in discussing the "price change rate", the relationship between price change rate and supply-demand is important given that the market decides the price. We used four indices to express supply-demand, namely, gap of supply and demand, ratio of supply and demand, gap rate, and ratio rate. These four indices were separately used along with actual price changes in SPSS to determine the optimum fitting curve. After multiple trials, we determined that the "ratio of supply and demand" and "price change rate" could best fit. The fitting equation is "Y = −148,418.663X 3 + 865,828.300X 2 − 2,126,456.268X − 2,283,630.020e −X + 2,249,123.866" and R 2 = 0.507. The parameter estimates are shown in Table 2 . The SD Equations for endogenous variables are listed as follows:
Coal price = I NTEG (Price change rate, 782)
Coal supply = Raw coal production + Imported coal quantity
Demand o f standard coal = China s GDP × Energy intensity (3)
Natural gas supply = Natural gas production + Imported gas volume (4)
Oil supply = Raw oil production + Imported oil quantity
Price change rate = −148418.663x 3 + 865828.300x 2 − 2126456.268x − 2283630.020e −x +2249123.866 (x = Supply-demand ratio o f standard coal) (
Supply-demand ratio o f standard coal = Total supply o f standard coal equivalent Demand o f standard coal
Total supply o f standard coal equivalent = 0.7143 × Coal supply + 1.4286 × Oil supply +12.143 × Natural gas supply (8) Figure 6 shows the obtained results. The blue line represents the simulated coal price within 24 quarters, and the red line represents the actual coal price of the first 17 quarters. Clearly, the simulated price curve has the same downward trend as the practical situation in the past four years (2012) (2013) (2014) (2015) . The curves are comparatively close to each other, which proved the accuracy of the SD model of coal price. What deserves to be explained is that there is an almost coincident trajectory of the simulation and of the real prices before the third quarter, even in the inflexion point of the second quarter. The main reasons are that China's coal prices are closer to the market in the second and third quarters, while in the fourth quarter, there are some influencing factors beyond the model due to some activities including winter heating, coal ordering in thermal power plants, and joint price elevation in coal enterprises. From the angle of the coal price model, we set the simulated coal price as 782 yuan/ton in the first quarter, which is very close to the real price. The simulation results are greatly affected by the real prices in the early stage of model operation, such as the second and third quarters. So we can see an almost coincident trajectory of the simulation and of the real prices before the third quarter, even in the inflexion point.
Results and Error Test
ergies 2016, 9, 751 9 of
we can see an almost coincident trajectory of the simulation and of the real prices before the thir arter, even in the inflexion point. According to the computational results of our SD model, we can also see that the simulated co ice shows a continuing downward trend in 2016 and 2017, with a slightly slower descent rate tha e previous four years. We applied the root mean square error (RMSE) to verify precision further. The formula of RMS expressed as: The result of the error analysis is shown in Table 3 . We obtained "RMSE = 5.61%", this atively small and indicates good precision of the model. According to the computational results of our SD model, we can also see that the simulated coal price shows a continuing downward trend in 2016 and 2017, with a slightly slower descent rate than the previous four years.
We applied the root mean square error (RMSE) to verify precision further. The formula of RMSE is expressed as:
y ci means simulated coal price, y i means actual coal price, n = 1, 2, 3 . . . , 17.
The result of the error analysis is shown in Table 3 . We obtained "RMSE = 5.61%", this is relatively small and indicates good precision of the model. 
Discussion
In this study, we analyzed the influencing factors of the declining coal price in the past four years, built a SD model of coal price, and conducted empirical analysis. Compared with the related literature referred in the Introduction section, our research has its own characteristics. First, most scholars examined energy price volatility through statistical and econometric methods and used test methods to verify the relationships among different variables. However, our study utilizes the SD method to clarify the relationships among the five factors and we ran a simulation with actual data. Second, several academics directly determined the effect of the price of substitutes on coal price by using detailed price data, whereas we expressed this effect through the supply-demand relationships of standard coal equivalents. Third, several scholars used the SD method to analyze the energy industry, but to the best of our knowledge, only a few scholars applied the SD method to examine the influencing factors of coal price, particularly the decreasing price in the past four years.
According to the predicted results of our SD model, the steam coal price will still decrease until 2017. Combined with the current macro economy, policy, and industrial restructuring situation, we analyzed the cause of the decreasing price, as follows:
Economic factors: Currently, the high/middle-speed growth of China's economy has been the new normal. In accordance with economic theory, the pressure of each industry would transfer to the basic industry that is related to it. Thus, the coal industry would develop under the pressure of economic structure adjustment and enter a stage of "four periods," that is, slowing demand growth, overcapacity and inventory backlog, enhancing environmental constraints, and transforming the development mode. (2) Energy policy factors: Controlling the total energy consumption and restricting the excessively rapid growth of coal consumption have been the cornerstones of the national energy policy since 2013. The Action plan for energy development strategy (2014-2020) released by the General Office of the State Council points out that the proportion of non-fossil energy consumption accounting for primary energy consumptions will reach 15% in 2020, natural gas consumption will reach more than 10%, and coal consumption will be controlled within 62% from the current level of 65%. (3) Non-fossil energy factors: Generation of non-fossil energies will produce significant substitution effects on coal power. According to the power demand prediction made by Yuan et al., the power consumption of the entire society will reach 7.99 trillion kWh in 2020 and non-fossil energy generating capacity will account for 28.05% of total generation. This proportion will increase to 34.30% in 2030 and to 44.71% in 2050 [34] . Continuously improving the proportion of non-fossil energy generation could restrain the excessive growth of steam coal consumption effectively. (4) Requirements for air pollutant disposal: The latest revision of China's atmospheric pollution prevention law has come into force since 1 January 2016. The revision clearly points out that we should adjust the energy structure, promote the production and use of clean energy, and gradually reduce the proportion of coal in primary energy consumptions. We should promote clean and efficient utilization of coal and reduce air pollutant emissions of coal production, usage, and transformation. Heat engine plants should adopt techniques of cleaner production and install devices for dust removal, desulfurization, and denitration. Moreover, power dispatching should prioritize clean energy. (5) Requirements for greenhouse gas reduction: Low carbon and no carbon development has gradually become the mainstream of future energy technology. At present, the country with the most carbon emissions is China, which accounts for 24% of the world's total emissions, more than 80% of which is contributed by coal combustion. In November 2014, China and the US issued The Sino-US joint statement on climate change in Beijing. China proposed that national carbon emissions would reach its peak before 2030, but could reach this point as early as possible.
Coal demand growth is limited under the influence of various factors, and as a result, the steam coal price will probably keep decreasing for some time, which is consistent with the running results of our SD model.
Based on the actual situation of steam coal in China, the price, supply, and demand of the energy source is the concern of relevant stakeholders, namely, coal enterprises, thermal power plants, and intermediate transportation departments. For coal enterprises, controlling production and capacity reasonably for the near term is crucial. In the long term, these enterprises should improve the degree of mechanization, reduce the mining costs, extend the industry chain actively, and operate the enterprises efficiently. For thermal power plants, the falling steam coal price surely provides a good opportunity for profit. However, from the angle of energy conservation and emission reduction, thermal power plants are supposed to restrain the usage of high-sulfur and high-ash coal and introduce more efficient technologies of dust removal, desulfurization, and denitrification. Moreover, the power industry should keep the "big pressure on the small" measures and strengthen the phase out of small thermal power plants to improve energy efficiency and reduce pollutant emissions. Moreover, intermediate transportation departments should plan reasonably to reduce the high transportation cost of domestic coal, which could lead to the efficient connection of coal enterprises and electric power departments.
Constant low price of coal will bring great influence to China's energy reformation in the future. It is pointed out by the 13th "Five Year Plan of China's Energy Development that China's energy structure will transform to low-carbon type. This requires further decreasing coal demand, enlarging power generation scale of clean energy, and solving phenomenon of "wind, water and photovoltaic curtailment". However, low price of coal brings rich profit for coal-fired power plants and further stimulates their development. To promote selling of coal, coal-fired thermal power will also be used more frequently and steam coal demand also be improved under the guidance of regional protectionism policy in provinces with abundant coal resources. In this case, policy measures like further reinforcing of utilization technology of clean coal, perfecting of energy pricing system including coal price, discussing collection of a carbon tax or environmental tariff, and enhancing competitiveness of clean energy should be adopted emphatically to remit contradiction between development of coal power and clean energy and realize synergetic development of them under transforming to a low-carbon energy structure.
Conclusions
This study aimed at determining the main factors causing the long-lasting plummet of the steam coal price since the second half of 2012, and on this basis, forecasting the price until the end of 2017 by using SD method. First, we introduced the background, research question, objectives, and contributions of this paper. We reviewed the literature in this part as well; Second, we qualitatively analyzed the five main factors of the declining price, including slowdown of GDP growth, coal overcapacity, weak demand for thermal power, effect of substitutes, and high stocks of port coal; Third, we built an SD model of coal price, drawing the causality diagram to determine the relationship among different factors and a system flow diagram for further quantitative analysis; Fourth, we conducted an empirical analysis. This part mainly included the data for exogenous variables, SD equations for endogenous variables, simulated results, and error analysis. Then, we discussed the results of our study and drew our conclusions.
Economic downturn, excessive production, weak demand, substitutes, and port stocks have been proven qualitatively and quantitatively as the main factors in the decline of coal prices. The supply and demand relationship is the foundation of our SD model. The combined actions of the five main factors caused the continuous decrease of the steam coal price. In addition, according to the running results of our SD model, the steam coal price will continue to decrease in the immediate future, with a slightly slower descent speed than before.
For future research, we intend to conduct empirical studies by using frequent data indicating monthly or even weekly information. Moreover, improving the applicability of the model for other energies, such as oil, natural gas, and electricity, is a possible extension for our future research.
